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In a recent article, Liu and colleagues (1) presented data that epigenetic activation of the organic cation transporter OCT2 by decitabine sensitizes renal cell carcinoma (RCC) cells to oxaliplatin both in vitro and in xenografts. Their conclusion is based on the finding that OCT2, which is encoded by the SLC22A2 gene, is down-regulated on the mRNA and protein levels in RCC. Especially on the protein level, the authors could not detect any OCT2 expression in 31 RCC cases, including 10 cases of the clear cell RCC (ccRCC) subtype, which is the most aggressive RCC subtype. The authors concluded that, as a consequence of OCT2 absence in these tumors, the uptake of the OCT2 substrate oxaliplatin is inhibited in RCC cells.
We recently published a study (2) on the expression and epigenetic regulation of pharmacogenes in ccRCC, metastases, and RCC cell lines, including in-depth analyses of the epigenetic regulation of OCT2. We came up with the same finding as that of Liu et al., that OCT2 is not expressed in any of the studied RCC cell lines because of high DNA methylation in the promoter region (including one CpG site important for transcriptional regulation in the E-box element) and that treatment with decitabine restores its expression in these cell lines. Yet, our conclusions regarding mRNA and protein levels in primary ccRCC and ccRCC-derived metastases are discrepant. Considering mRNA expression data (based on RNA sequencing) from The Cancer Genome Atlas (TCGA), there is a slight decrease of SLC22A2 mRNA in ccRCC tissue compared to adjacent nontumor tissue. However, SLC22A2 is among the top 7% expressed genes in 463 ccRCC cases (Fig. 1A) . We could confirm these data in our own ccRCC cohort (2) based on microarray data (Fig. 1A) , where SLC22A2 belongs again to the 7% of genes with the highest expression in ccRCC. Notably, comparing paired nontumor and tumor samples of the TCGA cohort, again no significant (paired t test, P = 0.22) expression differences between nontumor and tumor tissues were observed, and only 22.2% of all cases showed reduced OCT2 expression in the tumor tissue (fold change nontumor/ tumor, >2). Of course, high mRNA levels do not necessarily mean that the protein is expressed at all. However, in contrast to Liu et al.
(1), we could demonstrate in our study (2) that OCT2 is expressed on the protein level in ccRCC and in ccRCC-derived metastases. Because we used a different antibody compared to Liu et al., we now investigated whether this discrepancy was due to the antibodies used. First, we evaluated the expression of OCT2 in nontumor tissue using four different antibodies, including the two antibodies proposed by Liu et al. (1) . It has previously been demonstrated that OCT2 in nontumor kidney tissue is located on the basolateral membrane of the proximal tubules (3, 4) , which is important for the proposed mechanism of drug uptake by OCT2 into the cells [see fig (Fig. 1B) , which is in contrast to the currently accepted basolateral localization of OCT2 (3, 4) . Apical staining using these two antibodies is also visible in the data from the Human Protein Atlas (6) and in the representative images of OCT2 staining provided in the supplementary data of Liu et al. (1) . The apical localization of OCT2 is in complete discrepancy with the proposed mechanism of the study by Liu et al. (1) , that OCT2 mediates the uptake of drugs such as oxaliplatin at the basolateral membrane in proximal tubules. We further performed immunohistochemical analyses using a tissue microarray consisting of 64 ccRCC cases and determined expression intensity using a software-assisted system (Definiens) previously validated for the expression of membrane proteins in ccRCC (7) . Representative images are shown in Fig. 1D . We observed strong staining of OCT2 in ccRCC tissue using our own antibody (KEK) and the antibody used by Gai et al. (MAB6547, R&D Systems) (Fig. 1D) (5) . Using both antibodies proposed by Liu et al. (AMAb90791 and AMAb90792, Sigma-Aldrich), the staining intensity was considerably lower compared with our antibodies, but still several ccRCC cases showed medium or high staining as well.
Together, we believe that based on our data and data from TCGA, OCT2 expression on the mRNA and protein levels is not generally repressed in ccRCC tissue. As we have demonstrated in our study (2) , the expression of OCT2 is variable because of alterations in DNA methylation, but >70% of all ccRCC tumors express high levels of OCT2. In contrast, OCT2 was not expressed in any of the studied RCC cell lines because of very high DNA methylation (2) . Further studies are warranted to evaluate the four different antibodies and confirm our results in independent primary tumor samples of ccRCC patients. Moreover, the proposed new therapeutic concept by Liu et al., recently even highlighted in an editorial (8), using a combination therapy of decitabine and oxaliplatin based on missing OCT2 expression in ccRCC primary tumors due to SLC22A2 DNA methylation needs further investigations, including studies with oxaliplatin-sensitive and oxaliplatin-resistant patients. Notably, we observed in our study (2) that several uptake transporters are epigenetically regulated in ccRCC and in RCC cell lines. Moreover, RCC cell lines, including the cell lines Caki-1 and 786-O, that were used to generate the mouse xenografts by Liu et al. (1) , are of limited benefit for the prediction of drug effects because of epigenetic alterations in pharmacogenes, including drug transporters (2). Although Liu et al. provide comprehensive mechanistic evidence about the epigenetic regulation of OCT2, the demethylating agent decitabine rather induces global demethylation instead of gene-specific demethylation, and we further demonstrated in our study by Winter et al. (2) that the expression of several of these uptake transporters is increased because of demethylation using decitabine. As a consequence, additional uptake transporters might be responsible for enhanced oxaliplatin uptake after decitabine treatment and need to be considered as well. Moreover, in contrast to Liu et al.
(1), based on our experiments, decitabine also sensitizes the cells to cisplatin, indicating that the effect might depend on the cell lines used. Both cisplatin and oxaliplatin are not exclusively transported by OCT2, but also other transport proteins such as OCT3, or even copper transporter CTR1, are discussed (9). Moreover, both drugs are substrates of the multidrug and toxin extrusion protein SLC47A1 (9) . Therefore, model systems such as patient-derived tumor xenografts (10) , which reflect more closely the in vivo situation and especially the expression and epigenetic regulation of SLC (solute carrier) transporters, might be more appropriate for designing new therapeutic strategies for ccRCC.
Thus, further studies, including cohorts of oxaliplatin-sensitive and oxaliplatin-resistant patients, are warranted to identify valid biomarkers for optimizing safety and efficacy of a combination therapy of decitabine and platinum drugs in ccRCC. 
